We examined the lateral flow strip assay for identifying unauthorized genetically modified (GM) rice. The GM rice expresses the Bacillus thuringiensis (Bt) toxin, CryIAc protein, which confers tolerance to insects. The recombinant CryIAc protein was prepared from the inclusion bodies of an E. coli. strain into which the CryIAc gene had been inserted, using gel filtration chromatography. The lateral flow strip assay for the identification of GM cotton which also expresses CryIAc protein, was applied to unpolished rice and polished rice spiked with recombinant CryIAc protein. The spiked recombinant CryIAc protein was clearly detected at the level of 0.012 mg/g in both the unpolished and polished rice. After loading of the extract on the strip, a 60 -minute stand time is necessary to clearly detect CryIAc protein. The detection limit was approximately 12 ng CryIAc protein per gram of rice. These results suggest that the lateral flow strip assay for GM cotton can be used to detect CryIAc protein expressed in GM rice.
Introduction
In recent years, there has been great progress in food biotechnology, including transgenic crop breeding and genetic modification for food production. In some countries, the acceptance of these genetically modified (GM) foods by consumers is still controversial, and the concerns about their safety persist among the public. The Ministry of Health, Labor and Welfare (MHLW) in Japan announced a mandatory safety assessment of GM crops and processed foods containing GM ingredients. Since April 1, 2001 , any GM foods which have not been authorized, cannot be imported or sold in Japan. Therefore, qualitative detection methods for regulating unauthorized GM foods were required. We previously reported qualitative detection methods for GM maize 1) , GM potato 2), 3) (NewLeaf Plus, NewLeaf Y) and GM papaya 4), 5) (Line 55-1 or its derivatives), including qualitative polymerase chain reaction (PCR) methods and histochemical assay.
The GM rice expresses the Bacillus thuringiensis (Bt) toxin, CryIAc protein, which confers tolerance to insects 6) . The CryIAc gene from Bt has been incorporated into insect-resistant cottons, including BollGard ῌ brands from Monsanto and other companies. The GM cottons has been commercialized in various countries including Japan, but the GM rice developed in China has not yet been authorized for use in Japan.
Over the past several years, it has been suggested that Chinese farmers have been planting and marketing the GM rice without waiting for government approval of the crop for human consumption. It was reported that unapproved GM rice was being illegally grown and sold in the province of Hubei, China in the spring of 2005. Therefore, there is an urgent demand for the development of a detection method for GM rice contaminating rice imported from China, in order to allow monitoring at the quarantine inspection centers in Japan.
In the present study, we describe the preparation of recombinant CryIAc protein and examination of qualitative detection of recombinant CryIAc protein in conventional rice kernels using the lateral flow strip assay kits employed for identifying GM rice.
Materials and Methods

Samples
Seed Bt1Ac Test Strips for the detection of the CryIAc protein in a cotton seed sample (Strategic Diagnostics Inc., DE, USA) was purchased from AZmax Co. (Chiba, Japan). Non-GM conventional unpolished rice and polished rice (Chinese products) were obtained from the Ministry of Health, Labor and Welfare (MHLW) in Japan.
Reagents
Escherichia coli (E. coli) strain, JM103 (pOS9300), which was transformed with the CryIAc cDNA expression vector, was kindly provided by Dr. Donald H. Dean, Ohio State University, Columbus, OH, USA 7) . All other reagents were of special grade. Water was purified using a Millipore Milli-Q Synthesis A 10 super water purifier and then autoclaved at 121῍ for 20 minutes.
Preparation of recombinant CryIAc
The purification of the recombinant CryIAc protein from JM103 (pOS9300) cultures was conducted as follows 7) . JM103 (pOS9300) was cultured in 200 mL of NZCYM culture medium and then suspended in a disruption bu#er (50 mmol/L EDTA, 50 mmol/L TrisῌHCl (pH 8.0)) and sonicated (Fisher Sonic Dismembrator Model 300, Tulare, CA, USA) three times for 5 min in ice. The inclusion bodies were collected by centrifugation at 10,000ῌ῍ for 10 min. The pellets were washed twice with TE bu#er, solubilized in CBP bu#er (0.1 mol/L Na 2 CO 3 (pH 9.6), 1῎ b-mercaptoethanol, 1 mmol/ L PMSF) and any particulate material was discarded by centrifugation. The supernatant was collected and the recombinant CryIAc protein was purified on an Ultrochrom Gti FPLC system (Pharmacia LKB, Bromma, Sweden) using a Sephadex 200HR column (Pharmacia LKB, Bromma, Sweden) with phosphatebu#ered saline (PBS, pH 7.2) at the flow rate of 0.5 mL/ min. Fractions of 0.5 mL were collected. The fractions were examined by SDS-polyacrylamide gel electrophoresis (SDS-PAGE) and the protein concentration was determined by Bio-Rad Protein assay (Bio-Rad Laboratories, CA, USA).
SDS-PAGE analysis was performed using an electrophoresis apparatus, type STC-808 (TEFCO Co., Tokyo, Japan) and Bio-rad PAC 3000 power supply (Bio-Rad Laboratories) with readymade slab gel (8῎ acrylamide, Cosmo Bio Co., Tokyo, Japan) on Trisῌglycine-bu#ered gels containing SDS at a constant current of 20 mA. The running, staining with Coomassie Brilliant Blue R-250 and destaining were carried out according to the manufacturer's instructions. Prior to the SDS-PAGE analysis, a sample was dissolved in 10 mM TrisῌHCl bu#er (pH 7.0) containing 1῎ SDS, 20῎ glycerin and 5῎ 2-mercaptoethanol, and then heated in a boiling water bath for 5 min. A high-molecular-weight range protein marker (Amersham-Pharmacia Biotech, NJ, USA) was used to estimate the molecular weights of the electrophoresed proteins.
Procedure for identifying genetically modified rice using the lateral flow strip assay A Seed Bt1Ac Test Strips kit for the detection of the CryIAc protein in cotton seed was applied to the rice according to the manufacturer's instructions, with some modifications. The assay uses a double antibody sandwich format. The antibodies specific to the CryIAc protein are coupled to a color reagent and incorporated into the lateral flow strip. The membrane contains two capture zones, i.e., one captures the bound CryIAc protein and the other captures the color reagent. These capture zones display a reddish color when the sandwich and/or unreacted colored reagents are captured in the specific zones on the membrane.
The rice sample was ground to a fine powder using a grinder (Retsch GmbH, Hann, Germany). A ground rice sample (9 g) was transferred to a 50 mL tube, and then 27 mL of extraction bu#er from the kit was added to the tube and mixed on a Vortex mixer for 10 sec. After mixing, the tube was centrifuged at full speed for 5 min. The supernatant bu#er was then transferred to the tube. Thereafter, the test strip was placed on the bu#er in the tube. According to the manufacturer's instruction, when only one line (control) was observed on the strip after 10ῌ60 min, the result was regarded as a negative. However, when the appearance of two lines on the strip was observed, the result was regarded as a positive. All the tests were performed in triplicate.
Results and Discussion
Preparation of CryIAc protein using size exclusion chromatography
The recombinant CryIAc protein was prepared from cultures of E. coli containing the CryIAc gene by using gel filtration chromatography, and fractions were analyzed by the SDS-PAGE method. As shown in Figs of the purified recombinant CryIAc protein in the collected solution was approximately 41 mg/mL.
Examination of CryIAc protein detection in rice using the lateral flow strip We first examined whether the purified recombinant CryIAc protein can be detected using the commercially available lateral flow strip kit for GM cotton. The recombinant CryIAc protein could be detected at the level of 0.01 mg/mL (ppm) in purified recombinant CryIAc protein solution with a standing time of 10 min, as described in the manufacturer's instructions. This result shows that the purified recombinant CryIAc protein closely similar to CryIAc protein.
The lateral flow strip assay for GM cotton which also expresses the CryIAc protein, was then applied to unpolished rice and polished rice spiked with recombinant CryIAc protein. Figures 3 and 4 show the results. In both the unpolished rice and polished rice, recombinant CryIAc protein was clearly detected in the spiked samples at the levels of 0.058 mg/g and 0.089 mg/g, respectively, after 10 min standing time, although it was not clearly detected in samples spiked at the level of 0.012 mg/g (Figs. 3(a) and 4(a) ). However, recombinant CryIAc protein spiked at the level of 0.012 mg/ g could be clearly detected after 60 min in both the unpolished rice and polished rice (Figs. 3(c) and 4(c) ). No positive band was detected in the non-spiked unpolished and non-spiked polished rice, even after standing for 60 min (Figs. 3(c) and 4(c) ). These results suggested that a standing time of 60 minutes is necessary to detect CryIAc in the unpolished rice and polished rice. We consider that the rice powder matrix may inhibit the flow of the test strip. Based on these results, the detection limit was approximately estimated to be 12 ng CryIAc protein per gram of rice. Tu et al. reported that the amount of Bt fusion protein CryIAb/CryIAc detected in transgenic rice plants expressing Bt fusion gene derived from CryIAb/CryIAc was 20 ng/mg soluble protein 8), 9) . However, the expression level of CryIAc protein in the GM rice kernel still remains unclear. In addition, a small amount of GM rice kernels could be present as a contaminant in non-GM rice. Therefore, we cannot estimate what detection limit would be appro- priate. Since Japanese regulation for unapproved GM crops is zero tolerance, we should detect CryIAc protein at as low a level as possible to identify GM rice. Further studies would be required to examine the feasibility of detecting lower levels of CryIAc in rice.
In conclusion, the lateral flow strip assay of CryIAc protein in GM cotton is applicable for the detection of CryIAc in GM rice. The detection assay for GM rice is rapid and simple, and does not require the use of specialized equipment. We think that the lateral flow strip assay would be a reasonable method to monitor GM rice in imported rice at quarantine inspection centers for government regulation.
